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Background: Asthma is one of the most common chronic diseases in Germany. While many patients achieve asthma control under
standard therapies, some patients still experience exacerbations and persistent airway obstructions. Thus, further pharmacological
treatment is needed, and biologics could fill this gap, as they have shown clinical benefit in patients with severe asthma. Therefore, this
real-world study aimed to compare healthcare resource utilization (HCRU) and associated costs before and after biologic therapy
initiation.
Methods: A retrospective claims data analysis has been conducted on adult asthma patients who initiated a long-term biologic therapy
between January 2015 and June 2018. Patients were therapy-naïve to biologics for at least 12 months. HCRU and cost incurred by
patients during 12 months before and after therapy initiation were compared.
Results: Overall, 571 asthma patients initiated a biologic therapy during the observational period (316 omalizumab, 232 mepolizu-
mab, 16 benralizumab, and 7 reslizumab). Patients had a mean age of 54.86 (62.70% female), and the majority (93.70%) received at
least one follow-up prescription of their index-biologic agent within one year. During baseline, patients received on average 2.75 OCS
prescriptions compared to 2.17 during follow-up. Most patients received less or the same amount of OCS after therapy initiation.
Moreover, hospitalizations and asthma-related sick leave days decreased significantly. The average total costs per patient were
€6618.90 during baseline and €22,832.33 during follow-up. Biologics mainly drove the increase; however, hospitalization costs
were reduced significantly (€2443.37 vs €1941.93; p<0.001).
Conclusion: Our study demonstrates an improved asthma control due to the initiation of a biologic therapy in terms of decreased
hospitalization frequency, OCS consumption, and sick leave days. However, biologics are associated with high costs for healthcare
providers during the first year after initiation. Therefore, short- and long-term clinical benefits and financial burden must be considered
in the overall context of healthcare.
Keywords: biologics, treatment pattern, claims data, real-world evidence, Germany

Background
About 4–6% of the adult population have been diagnosed with asthma in Germany, making it one of the most
common chronic diseases.1–3 Asthma is a heterogeneous disease and can be stratified across several phenotypes (ie,
allergic asthma, eosinophilic asthma, intrinsic asthma, and neutrophilic asthma) and endotypes (ie, T2-high and non-
T2-high groups), featured by distinct clinical and pathobiological expressions as well as by different responses to
pharmacological treatments based on a biomarkers panel.4–6 Further subgroups, such as early- and late-onset allergic
asthma, and severe persistent eosinophilic asthma, can be distinguished.7,8 Although a large proportion of asthma
patients respond to standard therapies such as inhaled corticosteroids (ICS), long-acting beta-agonists (LABA), or
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tiotropium, some patients do not achieve asthma control under these therapies.8–10 These patients, who experience
more frequent (≥2/year) asthma exacerbations or have persistent airway obstructions despite therapy with high-dose
ICS (in combination with LABA) or treatment with oral corticosteroids (OCS) for more than six months are
generally classified as severe asthma cases.11–13 Even though severe uncontrolled asthma affects only about 4%
of all asthma patients, however, it increases the burden of asthma and is associated with high humanistic and
economic costs.9,14,15

Often, patients with severe asthma receive OCS as a short-term treatment of exacerbations but also as
a controller option. However, when administrated daily for one year or longer, even if at a very low dosage
(ie, ≤7.5mg/day) OCS was found to cause various complications and adverse effects, among others, various
infections (eg, pneumonia and herpes zoster), bone and muscle disease, atrial fibrillation, and hypertension.16–19

Therefore, over the last decade, several innovative therapies such as mepolizumab, omalizumab, reslizumab,
benralizumab, and dupilumab have been approved for use in patients with severe uncontrolled asthma.8,11,20

These biologic therapies focus on specific cytokines of the T2-high pathway, including interleukin IL-4, IL-13,
and IL-5. For example, omalizumab targets IgE by using antibodies that block IgE from binding to its high-
affinity receptor,21 whereas mepolizumab, benralizumab, and reslizumab are humanized monoclonal antibodies
targeting the IL-5 receptor.22,23 Dupilumab is another humanized monoclonal antibody that was most recently
approved for asthma in 2019 and targets the IL-4 receptor and inhibits activity in IL-4 and IL-13 receptors.20,24

For severe asthma patients, biologic therapies have shown improvements in lung capacity, reduced asthma
exacerbation rates, and a decreased need for corticosteroids.16,25,26 In 2018, biologic therapies had been included
in the step-by-step medication scheme of the Global Initiative for Asthma guideline and are becoming the new
standard of care for patients with severe uncontrolled asthma.11,17 Although the clinical benefits of biologics for
the treatment of severe asthma have been well described,17,25,27 data on the use of biologics and their impact in
the real world is limited. Therefore, this study aimed to describe the usage of biologics in the treatment of
asthma and compare healthcare resource utilization (HCRU) and associated direct and indirect costs before and
after therapy initiation, based upon a large dataset of health insurance records from asthma patients in Germany.

Materials and Methods
Data and Study Population
This study was a retrospective, non-interventional cohort analysis of biologic-naïve asthma patients who initiated
treatment with a biologic agent, utilizing anonymized routine health insurance data from two German sickness
funds (AOK PLUS and AOK BW). Complete statutory insurance data of 7.7 million persons (ie, 8–9% of the total
German population) on inpatient and outpatient care, including diagnoses, procedures, pharmaceutical, and non-
pharmaceutical prescriptions and interventions, as well as related costs for the period from 1 January 2014 to
30 June 2019, were available. All patients with continuous enrolment to their respective sickness fund for the total
observational period (death as an exception) represent the basis for the analysis (approximately 4.92 million
insured persons). Because of the anonymization of the data, ethical approval from an institutional review board
(IRB) was not required; however, the data owners (sickness funds) approved the project and planned analysis
prior to data access.

The selection of the study population was based on diagnoses codes, documented according to the
International Statistical Classification of Diseases and Related Health Problems 10. Revision, German
Modification ICD-10-GM, and outpatient medication prescriptions recorded based upon the Pharmaceutical
Central Number (PZN) and the Anatomical Therapeutic Chemical Classification System (ATC) for active
substances. Patients with asthma (ICD-10-GM J45/J46) were included if they received either (i) at least one
primary inpatient code, (ii) at least two confirmed outpatient diagnoses, and/or (iii) at least one secondary
inpatient code in addition to at least one confirmed outpatient code diagnosis from any physician, between
1 January 2014 and 30 June 2018. If a patient was included due to two asthma codes, these codes must have
been documented within 365 days. The index date was defined as the first prescription of a biologic medication
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(mepolizumab, omalizumab, reslizumab, or benralizumab) between 1 January 2015 and 30 June 2018. Patients
were excluded if they received a biologic prescription between 1 January 2014 and the first observed asthma
diagnosis during the observational period (therapy experienced patients) or if they were under 18 years of age at
the index prescription date.

Outcomes and Statistical Analysis
Based on all included asthma patients who started treatment with one of the selected biological agents, an
analysis was performed comparing medication use, hospitalizations, and sick leaves during the 12-months before
and after therapy initiation with biologics. The number of patients with at least one prescription, the number of
prescriptions, and the average dosage received per patient were calculated for relevant (asthma) medications such
as ICS, LABA, leukotriene receptor antagonists (LTRA), OCS, and others. Each patient’s total prescription
supply (measured in days) was calculated based on the number of packages received by patients, each package’s
size (eg, number of tablets, capsules, or single doses), the concentration of the active substance in each package,
and the defined daily doses (DDD) for medications, according to the World Health Organization (WHO). In
addition, combination therapies have been observed and defined as either a prescription of a fixed-dose
combination or at least one prescription of each agent class of the specified combinations prescribed within 60
days. Hospitalizations were identified based on documented overnight stays during the 12-months baseline and
follow-up period.

Direct costs incurred due to HCRU of patients during baseline and follow-up periods were reported descrip-
tively and compared through Wilcoxon signed-rank test. Costs (in Euro) were measured from a societal perspec-
tive and analyzed cumulatively and separately for the following categories: (i) hospitalizations, including
procedures and medication (based on cases-specific reimbursements for hospital stays), (ii) outpatient visits to
physicians (based on documented treatment points per visit and respective point values (Euro) valid at that time),
(iii) outpatient medication prescriptions (based on pharmacy sales prices), (iv) rehabilitation (case-specific
reimbursements per rehabilitation stay), and (v) prescriptions of aids and remedies (based on prescription-
individual direct costs documented in the database). Direct costs have been adjusted for inflation, using the health-
specific consumer price index (CPI) stated by the German federal statistical office (reference year was 2015).28 In
addition, indirect costs due to sick leaves were analyzed by the human capital approach, once for any documented
sick leave and once for those sick leaves associated with an asthma diagnosis. Indirect costs due to sick leaves
were approximated based on the number of days absent from work, as documented in the dataset, multiplied by
the average compensation for an employee in Germany per day, calculated based on published statistics on the
number of employees and employees’ compensation as published by the federal statistical office.29,30

All reported p-values were two-sided, and all analyses were carried out using Microsoft SQL Server 2019, Microsoft
Excel 2019 (Microsoft Corporation, Redmond, WA), and Stata version 16.1 software (Stata Statistical Software: Release
14, StataCorp, College Station, TX).

Results
Study Sample
We identified 388,932 patients with confirmed asthma from 4.92 million continuously insured adults, which corresponds
to a proportion of 7.90% within the total observed population. Of these patients, 651 (0.17%) were found to have
received a biologic therapy (mepolizumab, omalizumab, reslizumab, or benralizumab) during the observational period.
However, 80 patients were excluded from the analysis as they already received biologics in the 12-month baseline period
or before their first observed asthma diagnosis. Thus, the final analysis sample included 571 asthma patients who initiated
a biologic therapy between 1 January 2015 and 30 June 2018 and had an age of at least 18 years at the time of their first
biologic prescription (index date) (Figure 1).
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Patients who started therapy with biologics were on average 54.86±13.96 years old, which is similar to the
age of all 388,932 asthma patients in the baseline cohort (mean 54.82±19.56). The proportion of females was
slightly higher among biologic patients (62.70%) than in the general asthma cohort (59.47%). All patients were
observed for 12 months before their index prescription and 12 months after their index prescription. However,
five patients deceased during the follow-up period and were therefore only followed until death. Thus, the
average follow-up period of the study population was 362.89 days. Overall, 27.85% of the patients who started
a biologic therapy were also diagnosed with urticaria (18.39%) and/or atopic dermatitis (14.01%), two indica-
tions also known to be treated with biologics. The proportion of patients with concomitant diagnosis of urticaria
and/or atopic dermatitis was highest in the group of omalizumab users (41.32%) (Table 1).

At least one prescription of a biologic asthma 
medication (mepolizumab, omalizumab, reslizumab, 

benralizumab) between 01/01/2014-30/06/2018

N = 651

Excluded: Patients <18 years

N = 2  

At least one prescription at the time of the first observed 
asthma diagnosis or anytime thereafter, between 

01/01/2015-30/06/2018

N = 573

Excluded: Patients with biologic asthma 
medication prescribed between 

01/01/2014 and first asthma diagnosis

N = 78  

Confirmed asthma diagnosis (J45/46) from 
01/01/2014-30/06/2018 

N = 388,932 Excluded: Patients without biologic 
asthma medication 

N = 388,281 

At least 18 years at the time of first biologic asthma 
medication prescription

N = 571

Figure 1 Selection of patients with asthma, starting a biologic therapy.

Table 1 Baseline Characteristics of Observed Patients

Patients with Confirmed
Asthma N = 388,932

Asthma Patients Initiating Therapy
with Biologics N = 571

Follow-up period in days Mean (SD) | Median – 362.89 (23.8) | 365

Index Year (first prescription)
2015 N (%) – 86 (15.06%)

2016 N (%) – 158 (27.67%)

2017 N (%) – 239 (41.86%)
2018 N (%) – 88 (15.41%)*

Age at index date Mean (SD) 54.82 (19.56) 54.86 (13.96)

Median (Min-Max) 56 (18–105) 56 (18–90)
Sex Female (%) / Male (%) 59.47% / 40.53% 62.70% / 37.30%

All-cause deaths within one year N (%) 8167 (2.10%) 5 (0.88%)

Urticaria and/or atopic dermatitis
(12-month baseline)

N (%) 33,729 (8.67%) 159 (27.85%)

Urticaria (ICD-10 L50) N (%) 7390 (1.90%) 105 (18.39%)

Atopic dermatitis (ICD-10 L20) N (%) 27,586 (7.09%) 80 (14.01%)

Notes: For patients with confirmed asthma, the index date was set to 1 July 2018. *The inclusion period ended at June 30, 2018.
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Omalizumab, which received a marketing authorization valid throughout the EU in 2005, was also the most common
index agent observed (N=316; 55.34%), followed by mepolizumab (N=232; 40.63%), benralizumab (N=16; 2.80%), and
reslizumab (N=7; 1.23%). The overall percentage of patients with each agent reflects the agents’ different market
authorization dates and different market shares of these agents (Figure 2).

Treatment
The majority of patients (535; 93.70%) received at least one follow-up prescription of their index-biologic within one year
of follow-up. In addition to their index-biologic, 33 of these patients also received other biologic agents within the follow-
up year. In contrast, 36 patients (6.30%) did not receive a follow-up prescription of their index-biologic. However, two of
these patients received prescriptions of other biologics within the follow-up year.

During the 12 months baseline period, 526 patients (92.12%) received at least one drug prescription related to the respiratory
system (R03 – drugs for obstructive airway disease). Furthermore, most of the patients received long-term non-biologic asthma
therapies (523 patients, 91.59%). Of these, 474 patients (83.01%) received a combination therapy of ICS and LABA (with or
without additional prescriptions of tiotropium and/or LTRA), two patients (0.35%) received ICS and LTRA in combination, and
47 patients (8.23%) received onlymonotherapies during the baseline year. During the follow-up period, the proportion of patients
with non-biologic long-term asthma medications decreased for most agents slightly, as presented in Table 2.

Figure 2 Patient sample by index agent and index date (first prescription).

Table 2 Medication Prescriptions During 12-Months Baseline and Follow-Up Period

Number and Percentage of
Patients with at Least One

Prescription

Mean (SD)/Median Number
of Prescriptions per Patient

Medication Baseline Follow-Up Baseline Follow-Up

Glucocorticoids (H02AB) 445 (77.93%) 354 (62.00%) 2.84 (2.83)/2 2.26 (2.77) /1

Prednisolone 357 (62.52%) 280 (49.04%) – –

Prednisone 72 (12.61%) 46 (8.06%) – –

Methylprednisolone 71 (12.43%) 50 (8.76%) – –

OCS (H02, oral application only) 437 (76.53%) 346 (60.60%) 2.75 (2.77)/2 2.17 (2.70)/1

(Continued)

Journal of Asthma and Allergy 2022:15 https://doi.org/10.2147/JAA.S354062

DovePress
411

Dovepress Hardtstock et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Moreover, 437 patients (76.53%) received at least one OCS prescription (ATC H02-, oral administration
forms only) during the baseline period. The mean number of OCS prescriptions per patient was 2.75±2.77, and
patients with at least one OCS prescription received on average OCS to cover 235±219 days at the DDD. After
therapy initiation with biologics, the proportion of patients with OCS decreased from 76.53% to 60.60%, and the
number of respective prescriptions per patient was reduced to 2.17±2.70. In total, 295 patients (51.66%) received
OCS during the baseline and follow-up periods (Table 3). Of these patients, 63.05% received less or the same
amount of OCS during the follow-up period (mean: 332.31±256.18), as compared to the baseline period
(mean: 167.49±165.28), and 36.95% received more OCS supply after starting atherapy with biologics
(+176 days of medication supply).

Table 2 (Continued).

Number and Percentage of
Patients with at Least One

Prescription

Mean (SD)/Median Number
of Prescriptions per Patient

Medication Baseline Follow-Up Baseline Follow-Up

LABA+ICS (R03AK) 426 (74.61%) 449 (78.63%) 3.07 (2.95)/3 3.07 (2.87)/3

Salmeterol + fluticasone 159 (27.85%) 149 (26.09%) – –

Formoterol + beclomethasone 130 (22.77%) 125 (21.89%) – –

Formoterol + budesonide 96 (16.81%) 94 (16.46%) – –

Formoterol + fluticasone 80 (14.01%) 78 (13.66%) – –

LABA (R03AC) 360 (63.05%) 335 (58.67%) 2.58 (3.75)/1 2.25 (3.67)/1

Salbutamol 298 (52.19%) 366 (64.10%) – –

Fenoterol 76 (13.31%) 75 (13.13%) – –

Formoterol 62 (10.86%) 47 (8.23%) – –

Anticholinergics (R03BB) 301 (52.71%) 299 (52.36%) 1.79 (2.39)/1 1.82 (2.34)/1

Tiotropium bromide 256 (44.83%) 256 (44.83%) – –

Ipratropium bromide 55 (9.63%) 30 (5.25%) – –

LTRA (R03DC) 226 (39.58%) 191 (33.45%) 0.98 (1.50)/0 0.92 (1.58)/0

Montelukast 226 (39.58%) 191 (33.45%) – –

ICS (R03BA) 158 (27.67%) 132 (23.12%) 0.80 (1.85)/0 0.75 (1.99)/0

Budesonide 104 (18.21%) 85 (14.89%) – –

Xanthines (R03DA) 98 (17.16%) 85 (14.89%) 0.62 (1.70)/0 0.58 (1.70)/0

Theophylline 96 (16.81%) 84 (14.71%) – –

Selective β-agonists (R03CC) 19 (3.33%) 14 (2.45%) 0.08 (0.52)/0 0.08 (0.66)/0

Other drugs for obstructive airway disease (R03DX) (INCLUDING BIOLOGICS) 14 (2.45%) 571 (100%) 0.06 (0.44)/0 6.30 (4.43)/5

TOTAL (any R03- or OCS) 526 (92.12%) 571 (100%)
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Hospitalizations and Sick Leaves
After starting treatment with a biologic agent, the proportion of patients experiencing hospitalizations decreased
significantly from 42.38% during the baseline period to 31.87%. Moreover, the number of hospital days decreased
significantly, from 6.95±14.74 days on average per patient during the baseline period to 5.07±13.92 days in the follow-up
period. The same applied to asthma-related hospitalizations, where a significant reduction was found within the patient
population, as described in Table 4. For sick leave days related to any diagnosis, no significant change in the total number
of patients with at least one sick leave day was observed (p=0.180). However, there was a tendency (although not
significant) towards fewer sick leave days per patient in the follow-up period (54±95.47 days versus 68±111.74 days in
the baseline period). In contrast, in the analysis of asthma-related sick leave days, the number of patients with at least one
sick leave day decreased from 28.07% to 20.14% (p<0.001), but the average number of sick leave days of affected
patients remained at a stable level (73 days during both periods; p=0.409).

Healthcare Cost
The average all-cause direct costs generated by a patient who initiated a therapy with biologics were €6618.90 ±
€9712.38 in the baseline period and €22,832.33 ± €13,717.74 in the follow-up period (Figure 3). Whereas hospitalization
costs were the main cost driver during the baseline period (36.92% of the incurred costs), costs associated with outpatient

Table 3 OCS Supply During 12-Months Baseline and Follow-Up Period

Number of Days with Available Medication Supply

N = 571 Treatment Starter At Least
One Prescription

Baseline Follow-Up

N (%) Mean (SD) Median Mean (SD) Median

Patients who received no OCS during the baseline and the follow-up period 84 (14.71%) – – – –

Patients who received OCS during the baseline and the follow-up period 295 (51.66%) – – – –

I.Less or the same medication supply during the follow-up period 186 (32.57%) 332.31 (256.18) 267 167.49 (165.28) 110

II.More medication supply during the follow-up period 109 (19.09%) 188.28 (163.28) 150 364.65 (317.64) 300

Patients who received OCS only during the baseline period 142 (24.87%) 142.53 (139.78) 100 – –

Patients who received OCS only during the follow-up period 50 (8.71%) – – 180.14 (295.73) 100

Table 4 Hospitalizations and Sick Leave Days During Baseline and Follow-Up Period

N = 571 Treatment Starter 12-Month
Baseline

12-Month Follow-
Up

p-value

Hospitalization stays (total)

N (%) of patients with at least one hospitalization 242 (42.38%) 182 (31.87%) <0.001

Number of hospitalized days (Mean | SD | Median) 6.95 | 14.74 | 0 5.07 | 13.92 | 0 <0.001

Hospitalization stays with main diagnosis: Respiratory system (ICD-10 J00-J99)

N (%) of patients with at least one hospitalization 152 (26.62%) 75 (13.13%) <0.001

Number of hospitalized days (Mean | SD | Median) 4.06 | 11.49 | 0 1.90 | 8.34 | 0 <0.001

Hospitalization stays with main diagnosis: Asthma (ICD-10 J45/J46)

N (%) of patients with at least one hospitalization 97 (16.99%) 41 (7.18%) <0.001

Number of hospitalized days (Mean | SD | Median) 2.06 | 7.25 | 0 1.15 | 6.81 | 0 <0.001

Patients within the working age (defined as age < 64 years) 456 427

Days absent from work (total)

N (%) of patients with at least one sick leave 230 (50.44%) 211 (49.41%) 0.180

Number of sick days of those patients with at least one documented sick leave (Mean | SD | Median) 68 | 112 | 31 54 | 95 | 21 0.123

Days absent from work with main diagnosis: Asthma (ICD-10 J45/J46)

N (%) of patients with at least one sick leave 128 (28.07%) 86 (20.14%) <0.001

Number of sick days of those patients with at least one documented sick leave (Mean | SD | Median) 73 | 128 | 25 73 | 125 | 22 0.409
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medication contributed to a substantial increase of total costs in the follow-up period. However, the observed increase in
costs due to outpatient medication prescription between the baseline and follow-up period was mainly driven by
biologics (€0 during baseline versus €16,243.20 per patient during follow-up). There was no significant change in the
cost due to non-biologic asthma-related prescriptions (any ATC- R03 (without biologics) and OCS), with average costs of
€979.18 per patient in the baseline period and €985.75 during the follow-up period (p>0.1). Moreover, costs incurred due
to other medication (not related to asthma) slightly increased from €1248.28 to €1532.07€ per patient (p<0.001).

The total hospitalization costs per patient were reduced significantly (p<0.001) from €2443.37±€5870.49 during the
baseline period to €1941.93±€5776.12 during the follow-up period. Furthermore, sick leave related indirect costs due to
loss of productivity decreased from €4282.59±€12,176.02 per patient during the baseline period (€2538.44 due to
asthma-related sick leaves), to €3170.32 ± €9948.36 per patient during the follow-up period (€1750.14 due to asthma-
related sick leaves). There were no statistically significant differences observed in costs due to outpatient physician visits
and provided care (p=0.197) and costs related to rehabilitations (p=0.511). In contrast, expenses related to medication
prescriptions of (any kinds of) aids and remedies have slightly increased during the post-index period (p=0.033).
However, these represent only a small proportion of the total incurred costs.

Discussion
This real-world study used a large representative database to describe the pharmacological treatment of asthma patients
who initiated therapy with a biologic agent and compare HCRU and incurred healthcare expenditures before and after
treatment. Since claims data from different regions in Germany were used in the analysis, ultimately representing
approximately 8–9% of the overall German population, study site or patient selection bias could be avoided, and
complete data on patients’ outpatient and inpatient care was available. The data, primarily collected for billing and
reimbursement purposes, includes complete information on patients’ HCRU across inpatient and outpatient healthcare
facilities and resulting expenditures of the statutory German health care system.

Based on 4.92 million continuously insured adults in our database, a proportion of 7.90% with confirmed asthma has been
identified, which is in line with previous estimations for Germany.1,2 Within the total asthma population (N=388,932), and

Figure 3 All-cause healthcare expenditures per patient during 12-month baseline and follow-up period.

https://doi.org/10.2147/JAA.S354062

DovePress

Journal of Asthma and Allergy 2022:15414

Hardtstock et al Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


over a period of 3.5 years, only 651 patients (0.17%) received a biological therapy approved for severe asthma, indicating
a low proportion of patients receiving this type of therapy. However, biologics are only approved for use in a particular patient
population, namely those with severe asthma, who fail to achieve disease control under (standard) treatment with other long-
term therapies such as high-dose ICS in combination with LABA. Previous publications reported a wide range in terms of the
proportion of patients with severe asthma among all asthma patients, ranging from 1% to more than 30%.15,31–33 This reflects
the uncertainty around the identification of this population in a real-world setting. Our study indicates an increase in the
proportion of patients treated with biologics over time, and further growth is expected, as some of the observed biologic
therapies have been approved recently, and more therapies are expected to be approved. Furthermore, the study relies on the
assumption that the ICD-10-GM codes J45 and J46 accurately identify asthma and are correctly used by physicians. Since
German claims databases contain data from routine practice, data may be missing or subject to coding errors regarding
outpatient diagnoses. However, the coding of the database is generally considered to be of high quality.43,44 Furthermore, the
specific biologic asthma medication used to identify patients starting with biologic therapies may reflect German-specific
clinical practices only, maybe limiting the generalizability of findings to other countries. However, uniform healthcare
regulations, reimbursement conditions, data entry requirements, access to health resources, and treatment of patients are not
expected to diverge strongly across different sickness funds and regions, which increases the generalizability in Germany.

The analysis confirmed that biologics can effectively reduce the number of asthma-related hospital admissions, which can
be considered a proxy of severe exacerbations.9 After therapy initiation, the proportion of patients experiencing asthma-related
hospitalizations decreased significantly from 16.99% in the baseline to 7.18% in the follow-up period. Also, the number of
hospitalization days per patient strongly decreased by 56% after therapy initiation (1.15 days during follow-up versus 2.06
days during baseline). In line with our results, previous clinical trials and observational studies showed a reduction in
exacerbation rates under treatment with biologics.14 For example randomized controlled trials (RCTs) showed that benrali-
zumab reduces the exacerbation frequency by 29–70% (compared to placebo),34–36 and mepolizumab by 39–52%.23,37

Moreover, a recent real-world analysis that described the rate of severe exacerbations (requiring hospitalization) before and
after therapy initiation with mepolizumab reported a reduction by 69%.38 Besides a decrease in the hospitalization frequency,
our study also revealed a significant reduction in asthma-related sick leaves, with 28.07% of patients with at least one sick
leave day during the baseline period compared to 20.14% during the follow-up period. However, sick leave days of those with
asthma-related sick leaves remained high (73 days per patient per year).

Due to the reduced hospitalization rate and sick leave days, also costs related to inpatient care (€2443.37 per patient
during baseline vs €1941.93 during follow-up) as well as indirect costs due to sick leaves (€4282.59 vs €3170.32) were
significantly lower after biologic therapy initiation in our study. This contrasts with the costs incurred due to the biologic
agents themselves, as presented in this analysis (€0 during baseline vs €16,243.20 during follow-up), leading to
a substantial increase in overall healthcare expenditures. Therefore, in a short-term view of only one year, the initiation
of biologics therapy can only partly proof its comprehensive positive effect. Thus, higher costs associated with such
treatment must be weighed against positive short-term and long-term effects on clinical outcomes, HCRU, and work
productivity. Importantly, biological therapy for treating severe asthma has been shown to improve “patients” health-
related quality of life.39,40 Further health economic studies that compared biologic treatment with other non-biologic
treatment (ie ICS and OCS) were able to show the cost-effectiveness of biologics considering that the costs per quality of
life gained being below the threshold of €50,000.1,2 Moreover, our study confirmed that severe asthma patients require
less OCS after initiating a biologic therapy, which shall translate into a lower frequency of long-term side effects and
OCS-associated complications, as described in previous literature.16 This observation is in line with previous studies that
reported a decrease in OCS consumption (besides the general reduction of other asthma medications) based upon the
example of omalizumab users.41,42 Further analysis should primarily focus on these long-term aspects of treatment with
biologics and patient-centered aspects that need to be considered in the treatment decision process.

With respect to the medications examined in this analysis, it should be noted that while data on outpatient medication
prescriptions are considered complete, there may be a lack of reporting regarding pharmacological interventions applied within
the inpatient setting and other interventions which do not qualify for medical claims (ie, over-the-counter medicines). However,
most of the agents used to treat asthma require a prescription, and asthma patients usually only undergo inpatient treatment in the
event of an exacerbation and are otherwise treated in an outpatient setting.45 It should be noted that dupilumab could not be
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considered for comparing figures of baseline and follow-up period, as it was only recently approved to treat asthma. Furthermore,
it cannot be precisely determined whether the investigated biologic agents were prescribed to treat asthma or another present
indication for which biologics are also approved (ie, urticaria, atopic dermatitis). This is particularly noticeable due to
comparatively high rates of urticaria and atopic dermatitis within our population and a small proportion of patients who did not
receive other long-term asthmamedications before the initiation of a biologic. Characteristics and medication of affected patients
were examined in more detail in a post-hoc analysis to quantify a possible bias, with the result that only twelve patients (26.67%)
from the sample received diagnoses of urticaria or atopic dermatitis and no asthma medications before the initiation of biologic
therapy. In addition to these considerations, it should be noted that the study results might be driven by other underlying
comorbidities of the patient population that were not observed. This is particularly relevant given themultiple uses of some of the
observed medications (ie, OCS) and should be further investigated in future studies.

Moreover, some cost-relevant aspects might be unobserved within this study, ie, out-of-pocket expenses for patients.
However, due to the German reimbursement system, these are generally very low and therefore negligible in the overall
context. In addition, the reimbursement of inpatient care in Germany is based on the DRG system, which provides for
a flat-rate payment per hospital stay within certain DRG groups. However, certain cost-relevant aspects of the individual
stays are not necessarily considered and are therefore not depicted.

Finally, it should be noted that the reported costs may leave some aspects unconsidered. For example, the analyzed
sick leave days do not consider undocumented absence days and reduced productivity due to symptoms. In addition,
early retirement attributable to severe asthma was not considered in the analysis. Thus, the actual impact on work loss
and productivity might be higher.

Conclusions
Despite their effectiveness, which has been proven in several previous studies, biologics are only prescribed in a small
proportion of patients with asthma. However, improved asthma control due to biologics can effectively decrease
hospitalizations, consumption of OCS, and the number of sick leave days. Since a considerable level of investment is
required by health systems in relation to the use of biologic therapy, a precise selection of asthma patients who require
biologics to achieve asthma control is essential.
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